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Abstract 


Supply Chain Management (SCM) is an integrated system of planning and control of materials and information, including 
suppliers, manufacturers, distributors, retailers, and customers. Chain performance measurement is an important issue 
in SCM. Also, given that the information plays a key role in improving supply chain performance, the kind and amount 
of information sharing should be investigated. In this paper, the effect of information sharing on supply chain 
performance will be evaluated. In this way, 17 different scenarios of information sharing are defined and ranked using 
the cross-efficiency method. Finally, values for different scenarios using simulations and Rockwell Software Arena V5 
are reported. The obtained results show that the proposed model is quite valid and efficient and can be easily applied to 
real-world cases. 


Keywords: Supply chain management, Information sharing, Data envelopment analysis, Cross-efficiency method, 
Ranking, Simulation. 


1 | Introduction 


Supply Chain Management (SCM) is defined as the planning, execution, and control of supply chain 


(OON activities in the most optimized possible case. SCM spans all movement and storage of raw matetials, 
Computational work-in-process inventory, and finished goods from the point of origin to the point of consumption. 
Algorithms and In other words, SCM is related to the coordination of materials, products, and information flows 


Numerical Dimensions. | among suppliers, manufacturers, distributors, retailers, and customers [1]. 
This article is an open 
access article distributed 


SCM is an integrated approach for planning and controlling the materials and information that flow 
under the terms and 


conditions of the Creative | {om suppliers to end customers. SCM connects inventory management, focusing on operation 
Commons Attribution management, with communication analysis in industrial organizations. The field has taken on 
(CC BY) license immense importance during the past few yeats. The supply chain includes all the activities related to 


(http://creativecommons. | the movement and conversion of materials from the raw material phase to delivery to the end 


org/licenses/by/4.0). customers and their related information currents. 
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There are two flows in the product flow; one is the information flow, and the other is the financial resource 
and credit flow. Several different fields used nowadays for the supply chain are as follows: 


— Supply chain simulation. 

— Supply chain risk management. 

— Supply chain tracking. 

— Supply chain reengineering. 

— Supply chain advanced planning. 

— Supply chain project management. 

— Supply distribution and network management. 
— Fleet management. 

— Human resources management. 

— Information management. 


— Supply chain information system. 


One of the fundamental parts of any SCM system is information sharing [2]. Many researchers think that 
if we make the unchanged and updated marketing data accessible in all the nodes of a supply chain, we will 
reach a monolithic supply chain [3], [4]. By obtaining accessible data and sharing it with other parties within 
the supply chain, an organization may precipitate the current information in the supply chain, improve the 
efficiency and impressiveness of the supply chain, and answer the customer's changing demands more 
rapidly. Therefore, eventually, information sharing can bring competitive advantages for the organization. 
The information-sharing benefit in SCM is thoroughly considered [5]. In order to improve, decrease 
inventory costs, and enable the material current, information sharing brings harmony between supply chain 
procedures. Information sharing results in high rates of supply chain accretion by empowering 


organizations to make reliable transfers and present products to the market swiftly [6]. 


Information sharing affects the supply chain implementation with regard to service rate and also total 
expense [7]. According to Lin et al. [8], a higher rate of information sharing is affiliated with a lower total 
cost, a higher order implement level, and a shorter order cycle time. As information sharing is principal, 
the importance of its effect on the efficiency of a supply chain pertains to what information is shared, 
when, and how it is shared [9], [10]. 


In order to be integrated and various kinds of currents within the overall chain be harmonized, SCM 
generally needs inter-organizational and intra-organizational relations. By sharing information among 
dealing partners and coordinating their replenishment and manufacture determinations under request 
doubt, it can be feasible to reduce expenses and improve customer service rates. Many agents can affect 
the supply chain efficiency, and the information-sharing agent is the most significant one. Sharing both 
supply and demand knowledge decreases inventory costs far in make-to-stock or assemble-to-order 
manufacture. It also substantially decreases order cycle time in an assemble-to-order setting [11]. 


Some researchers investigated the benefits of sharing customer demand information with members of the 
supply chain. Bourland et al. [12] analyze the savings in inventory cost that can come off when a 
manufacturer shares Point-Of-Sale (POS) information with suppliers. Ernst and Kamrad [13] discuss a 
supply chain in which producers and retailers share demand information and analyze the effect of 
information sharing on service level. Cachon and Fisher [5] have investigated the value of inventory data 
and sharing demand. Lee et al. [14] and Cachon and Fisher [5] study the advantages of whacking real-time 
data on demand and/or inventory levels between suppliers and customers. 


Various types of data may be shared in a supply chain, including demand, costs, order information, capacity 
information, inventory information, etc. Some studies related to demand information sharing are offered 
here. In order to decrease the bullwhip influence in supply chains, Chen et al. [15] investigated concentrated 
demand information sharing. Tan [16] evaluated the influence of demand information sharing on supply 
chain network structures, product structures, and demand hybrids. Lee et al. [14] evaluated the advantages 


of sharing demand information and discovered some of the drivers by using a two-level supply chain 
model. Also, Thonemann [17], Zhang et al. [18], Ryu et al. [19], Helper et al. [20], and Cho et al. [21] 


analyzed the influence of sharing demand information on a supply chain implementation. 


Lee et al. [22] have studied why and how inventory information sharing, demand forecasts, orders, and 
production plans are done. Fiala [23] studies the impact of information sharing on Bullwhip effect, 
uncertainty reduction, and supply chain performance. Also, Zhou et al. [24] and Wu et al. [25] analyze 
the effect of information sharing on supply chains. 


The companies try to redesign their information-sharing policies to increase profits. Although all the 
previous studies show the positive effect of information sharing on the supply chain performance, none 
of them study the influence of different composites of information sharing on the supply chain 
performance. The article by Yu et al. [26] analyzes this effect. 


Yu et al. [26] designed different information-sharing scenarios to analyze the supply chain performance. 
The desirable indices and also the undesirable ones are necessary in order to measure the performance 
of each scenario. So, to measure the performance for complete weight flexibility, the usual Data 
Envelopment Analysis (DEA) model was used. 


We have expanded the model proposed by Yu et al. [26] in the present paper so that the supply chain 
includes 5 sections (supplier, producer, distributor, retailer, and customer). The information to be shared 
in the chain includes demand information, inventory, capacity, and costs. The last item was added to the 
above-mentioned paper. These are the innovative aspects of the current papet, which shows how the 
different composites of information sharing affect the supply chain. 


This paper is structured as follows; Section 2 shows the information-sharing scenarios. In Section 3, the 
solution methodology is explained. The analysis and results are presented in Section 4, and the last 
section contains the conclusion and future studies. 


2 | Proposed Model and Parameters 


The extended supply chain model (shown in Fig. f) is a multi-level chain. It is comprised of customers, 
retailers, distributors, producers, and suppliers, in which the supply and demand values are exchanged 
between them. In order to study how the way that different composites of information sharing have 
effects, three scenarios are taken into consideration as follows: 


I. No sharing information in which none of the existing information is shared. 
IL Partial sharing of information, which may be the following 15 composites: 


— Capacity information sharing (C). 

- Demand information sharing (D). 

— Inventory information sharing (1). 

— Unit Cost of each item information sharing (V). 

— Production rate information sharing (P). 

- Demand and capacity information sharing (D&C). 

- Demand and inventory information sharing (D&I). 

— Capacity and inventory information sharing (C&I). 

— Capacity and cost information sharing (C&V). 

- Demand and cost information sharing (D&V). 

— Inventory and cost information sharing (I&V). 

— Capacity and production rate information sharing (C&P). 
- Demand and production rate information sharing (D&P). 
— Inventory and production rate information sharing (I&P). 
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Cost and production rate information sharing (V&P). 


HI. Full information sharing in which all the capacity, demand, inventory, cost, and production rate 


information are shared. 


To compare the performance of different scenarios, Rockwell Software Arena V5 is used. The results are 
shown in Table 3. 


Input parameters such as initial inventory level, inventory policy, shortage costs, holding costs, order costs, 


set-up costs, lead times of production and transportation, customer demand rate, and unit production time 


are shown in Tables 1 and 2. 


To compare different scenarios, we use 5 performance indexes such as (shown in Fig. 1): 


Total cost (consisting of holding cost, shortage cost, and order cost). 


. Fulfillment rate. 
. Customer setvice level. 


Order cycle time. 


Waiting time. 
Table 1. Initial inventory level and inventory policy. 
bo 
— N 9 
H H 5 
» - Q Q Q E œ N e 
g 5 ug 8 8 3 E 3 F 
s a E E a € € 
g Dozda B B B 
^ ~ Wm A A 2S o ^ o 
Initial inventory level 35 50 145 112 214 240 235 256 
Inventory policy (s,S):s 32 25 57 55 69 75 7 8 
Inventory policy (s, S: S. 46 60 128 129 138 143 150 154 
Table 2. Parameters for simulation. 
Parameters Inputs 
Iteration 40 
Simulation time 180 days 


Interval distribution of customer order 
Quantity distribution of customer order 


Frequency of replenishment review 
Transportation lead times 


Production lead times 


Unit holding costs 
Unit shortage costs 


Order costs 


Exponential distribution (mean = 0.32 day) 

Discrete distribution (Q = 2 or 5, Prob. = 0.178; Q = 3 or 4, 
Prob. = 0.405) 

Once daily 

2 (day) 

Normal distribution (mean = 0.4 h, standard deviation = 
0.05 h) 

3 

7 

15 (retailers), 30 (distributors), 35 (manufacturers), 40 


(suppliers) 


Suppliers 


Initial parameters 


1. Inventory: 


Inventory policy 

2. Shortage costs (Firished goods) 
Holting costs (Erishel goods) 
Order costs (Frrished goods) 
A Keratin 


Scenario 1 


tory 
be | Manufactures 
Demand 


Retailers RH 


Distributors 


Customer 


Information sharing items 


Capacity Information (C) 
Demand Information (D) 

Inventory Information (I) 

Unit Cost of each item information sharing (V) 
Eroduction rateinformation sharing (E) 


Scenario 3 


Inventory (T) 
. Unit Cost of each item (V) 
Production rate (P) 
Denand and capadiy (D&C) 
Demand andinventory (DAT) 
. Capadiy and invertory (C&D 
. Capadiy and cost (CAV) 
10. Demand and cost DEV) 


SPAIN 


11. Envendory and cost (IV) 

12. Capacity and productionrate (C&P) 
13. Demand and production rate (DEF) 
14. Inventory and production rate (12-7) 
15. Cost and production rate (Ve) 


Performance Index 


L holding cost 
2 shortage costs 
3. order costs 
4 Total costs 


5, Fulfillment raie 

6. Cusipmer service level 
7. Ordercycle time 

& Waiting time 


Fig. 1. Supply chain simulation model. 
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Table 3. Simulation results of performance indices. 
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3 | Solution Methodology 


Regarding the criteria and resulting numbers in Tabk 3, a Multi-Criteria Decision Making (MCDM) 
problem is introduced. The information-sharing scenarios are our alternatives, and the above-mentioned 


ctiteria are our criteria. 


In order to evaluate the coordination and information-sharing performance between the supply chain 
entities in various information-sharing scenarios, this paper brings forward an atypical use of the DEA 
method. The DEA method was first proposed by Charnes et al. [27] and is identified as an assessment 
method for performance analysis of different entities. Numerous inputs and outputs distinguish the 
manufacturing activities of the DEA method. More information on the DEA technique can be found in 
Boussofiane et al. [28], Charnes et al. [29], and Seiford and Thrall [30]. 


DEA has become a favorite field in operations research today, and applications entail a broad domain of 
contexts. The applicability and practicality of DEA may be quickly proved in Cooper et al. [31], [32], and 
multiple previous studies. The DEA method is used to analyze the performance with numerous inputs and 
outputs. Therefore, we use this method to assess supply chain information-sharing implementation. In the 
supply chain, every unit allowed to select the most desirable weights is to be applied to its standings (in 
this instance, by analyzing the consequent performance scales including fulfillment rate, total cost, 
customer service level, order cycle time, and waiting time, the various information-sharing scenarios are 
contrasted) in the normal DEA style. 


The contractual DEA model allows full-weight flexibility in the assessment of this simple efficiency mark. 
By seriously weighing a few desirable inputs and outputs and ignoring the other inputs and outputs entirely, 
a unit attains a respective efficiency score of 1. With few input/output measures, these kinds of units 
perform well. So, it is unsuitable to consider the scenarios with an efficiency score of 1 as the candidates 
with the best synthesis of characteristics. Cook and Kress [33] discuss a design involving an imposed 
collection of weights that do not supply a just whole evaluation. Nevertheless, the difficulty of selecting 


the most desirable weights to be used in each unit's standings has still not been removed. The modest 
efficiency score acquired from Cook and Kress's model is often misleading. 


A measute that is more than the simple efficiency score in the decision-making procedure is needed to 
solve such difficulty. In this part, we present a revision of basic DEA and a cross-efficiency ranking 
extension to the DEA models and how they may be applied to assess distinct alternative MCDM models. 


Imposing a predetermined set of weights on each alternative's standing-by poll organizer is one 
technique for removing this difficulty. Thus, the composite score, Zi, of alternative i would be given by 


k 
Zi = > Wj Vij» (1) 
j=1 


where Vij indicates the value of the jth attribute of alternative 1 (i = 1,2, ... ... ,m, į} =1,2,......,k), and Qj 
represents the weight of the jth attribute. 


Charnes et al. [27] initially suggested the CCR model. For each DMU, the CCR model tries to determine 


the optimal weight of the jth attribute of alternative i, w,, using linear programming so that the 


ip? 
composite score Z;, which is used in the Objection Function (2), is maximized to emphasize that this is 
alternative i's own evaluation of its desirability. 


Maximize Zi = EK Wj Vij (2) 
Subjectto Zip = XR Wij Vp S 1, for all DMUs p; including i. (3) 
wy 2 0, (4) 


where Z;, denotes cross-efficiency of alternative i's evaluation of alternative p’s desirability, i.e., DMU p 
is evaluated by the weights of DMU i. Constraints (3) represent that no alternative p should have a 
desirability greater than 1 under i’s weights. 


From one DMU to another, the optimal weights may differ, and each DMU is allocated the best 
collection of weights with values that may differ from one DMU to another. The weights in DEA, 
instead of being stabilized ahead, such as given by decision-makers, are the results from the data. Cook 
and Kress [33] express that each alternative be allowed to offer its weights to maximize its desirability 
subject to certain rational limitations on the desirability of all the alternatives. Sexton et al. [34] discuss 
that decision-makers do not always have a rational system for selecting certainty regions. Hence, they 
suggest using the Cross-Evaluation Matrix (CEM) to rate the alternatives. 


In order to defeat the difficulties related to the simple efficiency scores, cross-efficiencies in DEA can 
usefully be utilized. Cross-efficiencies of a DMU supply data on how well it is acting with the optimal 
DEA weights of other m-1 DMUs. The cross-efficiencies of all the DMUs can be ordered in a CEM, as 
shown in Tab 4. The p'^ row and ith column of the CEM indicate the cross-efficiency of DMU, with 
the optimal weights of DMU;. The normal simple efficiency evaluations for each DMU are discovered 
in the leading diagonal of this matrix. The cross-efficiency technique estimates the efficiency score of 
each DMU n times using the optimal weights assessed by m LPs. 


Table 4. Matrix of cross-efficiencies for m DMUs. 


Rating DMU Rated DMU 
1 2 3 m Averaged Appraisal of Peer 
1 Zu Zu Zg . Lim Bı 
Zu Zo Zn Zom Bo 
3 Z3 Zo Zs Z3m B3 
m Lica Zm2 Zr iss Zimi Bm 


Averaged peer-appraisal Z Zo Z4 .. Zn 
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In the DEA context, in order to rank scale the DMUS, the cross-efficiency ranking method uses the results 
of the cross-efficiency matrix Zip. It could be argued that Z; = Xp-1 Zy//m is more representative than Z;; 
which is the standard DEA efficiency score since all the elements of the cross-efficiency matrix are 
investigated, including the diagonal. Since each standard DEA score uses different weights, the standard 


DEA score, Z;;, is non-analogous, and since Z; uses the weights of all units identically, it is analogous. 


ib 
When multiple optimum solutions exist, the optimal weights obtained from their model may not be unique, 
which is a limitation of the CEM evaluated by Sexton et al. [34] model weights. This ambiguity can be 
solved by using formulations categorized as aggressive and benevolent approaches, which were proposed 
by Doyle and Green [35], and they not only maximize the efficiency of the target DMU but also take a 
second goal into account. In the case of aggressive formation, the second goal is minimizing the efficiency 
of the composite DMU constructed from other m-1 DMUs. 


The aggressive formulation is shown below: 


Maximize Xj Wi Deh psi Vpy 5) 
Subjectto Zi, 1, forall DMUsi* p. 6) 
k 
2: Wi. Vi-Zii = 0, 7) 
j=l 
Wi 2 0, 8) 
is the weighted attributes of composite DMU, and 


where DMU i is the target DMU, Xk wi DP a pai Opi 
Zi is the simple efficiency of DMU i obtained from usual DEA. 


When Z; it is obtained, as well as solving aggressive Models (5)-(8) for alternative i, we are also supplied 
with values Z;, that may be supposed as assessments of p's desirability from i’s standpoint in this modeling 
framework. The values acquired in a full run of the model can be arranged in a matrix Z in which the 
values down a column p(Z ,) indicate how alternative p is estimated by all alternatives, and values across a 
tow i(Z ;) indicate how alternative i evaluates all alternatives. Therefore, this matrix is the abstract of a self- 
and peer-evaluation process in which on-diagonal elements indicate self-evaluations and off-diagonal 


elements denote peer-evaluations. 


Sexton et al. [34] offered the column averages of Z as appropriate entire rankings of the alternatives. Each 
alternative is accorded a weight of 1/m in specifying any alternative’s overall rating. 


4 | Results 


Seventeen scenarios and five criteria (performance measures) are introduced in this article. The 5 
performance measures include six minimizing criteria (holding cost, shortage cost, order cost, total cost, 
order cycle time, and waiting time). The remaining criteria (fulfillment rate, customer service level) are 
defined as the maximizing criteria. The data for this study are shown in Table 3. 


Models (2) to (4) are initially used to obtain the simple efficiency of all SCM information-sharing scenarios. 
The standard DEA identified scenarios N, D, I, V, D&I, D&V, D&P, and F to be efficient with a relative 
efficiency score of 1. The rest of the scenarios (C, P, D&C, C&I, C&V, I&V, C&P, I&P, and V&P) 
obtained an efficiency score of less than 1. However, since our main interest is in finding the best SCM 
information sharing rather than a group of projects to make up a program, an aggressive approach may be 


regatded as an appropriate one in this context. 


Hence, simple efficiency scores are used in aggressive Models (5)-(8) to get the optimal attribute weights for 
each scenario. These weights also reduce the comparative performance of the compound scenarios, which 
are built from the remaining m-1 scenarios for each case. Such a matrix and overall rating are shown in 


Table 5. This table obviously shows that the scenarios F, D, V, D&C, V&P, and D&V have several high 
cross-efficiency values. Some of the simple, efficient scenarios, such as C, I&P, C&P, and D&P, have 
several low cross-efficiency values. The adjusted weighted column means of the Z matrix can be used 
to differentiate among the overall efficient scenarios effectively. 


Scenario D&C, which was inefficient with a relative efficiency score of 0.986 and a mean score of 0.903, 
is rated as a better overall performer than efficient scenario F. Therefore, this technique lets the decision 
maker rate the SCM information-sharing scenarios based on their entire efficiency. 


Demand information reinforces, postpones, and swings from downstream to upstream along the supply 
chain [14]. This information is significant and essential to supply chain partnerships. In addition, since 
demand information directly affects manufacturing scheduling, inventory control, and delivery plans, it 
has a significant influence on supply chain efficiency [17]. So, demand information sharing is generally 
the first step for supply chain partnerships. The findings in Tab/e 5 show that the scenarios having sharing 
demand information outperform the other ones. 


Also, the scenarios having shared costs have higher values in comparison with the ones having 
production rate sharing. This means that cost sharing has more and better effects on supply chain 
performance improvement. Knowing the cost values enables the producers to plan their production 
more precisely and affects the warehouse inventory and system maintenance cost. Therefore, this result 
is reasonable and acceptable. 


Based on the simulation results, we find that production rate information sharing is better than capacity 
information sharing because the production rate also covers the capacity. The results also show that the 
no information-sharing scenario (N) is better than some partial information-sharing scenarios. Although 


this seems most unreasonable, it is an interesting and meaningful result. 
According to the simulation, sharing only production rate and/or inventory and/or capacity 
information, without any demand information sharing, amplifies the bullwhip effect and may mislead 


the inventory control and production plan and the sales forecast. 


Table 5. Cross-efficiency and overall rating for 15 SCM information-sharing scenarios. 


Scenario S BS d» g > 5 B 
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e e + tA No} ~N N e Sa) No} ~N + LO) No} cA e N 
= S S So S S [ei S S S = S S S a S 
e r- 2 N a D + co c^ Sa) o N e Ne) r- o 2 
C t+ a S = e a a oO N N No) Me e e œ r- e 
oo oo e oo oO 60 a x e ON o6 ~ 60 e o oo e 
So So = S = [el (= S e = [e] S © So S = = 
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D c — e 6o e e LO No) 6o e e e qa e oo e e 
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< 
0.869 
0.824 
1.000 
0.776 
1.000 
0.981 
0.875 
1.000 
1.000 
0.664 
1.000 
1.000 
0.657 
0.999 
0.990 
1.000 
1.000 
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Table 5. Continued. 
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5 | Conclusion 


In this paper, 17 scenarios were defined to explore the effect of different combinations of demand, 
capacity, inventory, production rate, and cost-per-unit information sharing. Also, the scenarios that share 
full information and scenarios with a lack of sharing of information were considered. Simulation results 
showed that the scenarios N, D, I, V, D & I, D & V, D & P, and F were efficient. Moreover, scenarios in 
which demand information was shared were more efficient than the other scenarios. Scenarios in which 
cost was shared were more efficient than scenarios in which production rate information was shared and 
obtained higher value. Simulation results also showed that the production rate information sharing was 
better than capacity information sharing. It should also be stated that the lack of sharing of information 
was better than the sharing of incomplete information. Finally, the scenarios were ranked, and the results 
showed that scenario D and scenario I&P were in first and last place, respectively. Parameters considered 
in the ranking process were total cost, fulfillment rate, customer service level, order cycle time, and waiting 
time. This paper can be developed using the following issues: 


I. Considering the multi-echelon supply chain. 


IL. Development of scenarios and other information sharing. 
HI. Ranking of scenarios using Multiple Attribute Decision-Making (MADM) methods. 
IV. Using average methods other than the simple average method in order to obtain the overall rating 


numbers. 
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